In this work, an efficient, easy, and green process has been developed for the synthesis of 2,3-dihydroquinazolin-4(1H)-one from a condensation reaction of anthranylamide with various aromatic aldehyde using of phosphate fertilizers, monoammonium phosphate (MAP), di-ammonium phosphate (DAP) and triple super phosphate (TSP) as heterogeneous catalysts. The reaction conditions were optimized taking into account of some parameters which control the reaction, namely the nature and the volume of the solvent and the mass of catalyst. The results show that the catalysts used herein are very interesting because they present a good catalytic activity and they are reusable for at least five cycles without any degradation of their activity.
INTRODUCTION
Heterocyclic chemistry forms an important branch of organic chemistry because it comprises at least half of all organic chemistry research worldwide. In particular, heterocyclic structures form the basis of many pharmaceutical, agrochemical, and veterinary products. There are numerous biologically active molecules whose framework includes a six-member ring containing two nitrogen atoms fused to a phenyl ring. Most of these molecules are based on the skeleton the dihydroquinazolin-4(1H)-one.
The dihydroquinazolin-4(1H)-one derivatives are an interesting class that exhibits a wide range of pharmacological and biological activity such as antitumor (1) , diuretic (2) , antiinflammatory (3), antianxietic (4), antifibrillatory (5), anti-hypertensive (6), vasodilating agent (7), analgesic (8) , antihistaminic (9) , anticancer (10), anticonvulsant (11) , and antileishmanial (12) . There are several methods in the literature for the synthesis of dihydroquinazolin-4(1H)-one, among which condensation of anthranylamide with aldehyde or ketones and three-component condensation isatoic anhydride, aldehyde and amine with an assortment of catalysts such as p-toluenesulfonic acid (p-TsOH) (13) , acetic acid (14) , silica-bonded S-sulfonic acid (15) , SnCl2 (16) , Amberlyst-15 (17) , aluminum tris (dihydrogen phosphate) (Al(H2PO4)3) (18) , Al/Al2O3 nanoparticles (19) , LaCl3/nanoSiO2 (20) , Fe3O4-SA-PPCA (21), β-cyclodextrin-SO3H (22) , nanocrystalline sulfated zirconia (23) , PEG-400 (24) and ionic liquid-water (25) . These methods have some disadvantages such as hard reaction conditions, low yields, and long reaction times, they also require tedious processing procedures, as well as the application of strongly acidic catalysts, nonrecyclable, toxic and expensive. In addition, they use the toxic solvents. Therefore, these processes lead to a great loss of energy, as well as they are harmful to the environment.
As a continuation of our efforts to develop green synthetic methods, this work presents an easy, efficient, and ecological procedure for 2,3-dihydroquinazolin-4(1H)-one reaction using fertilizer phosphate catalysts, mono-ammonium phosphate (MAP), di-ammonium phosphate (DAP) and triple super phosphate (TSP) (26) (27) (28) which are solid catalysts, cheap, easy to reuse, and environmentally friendly. In this study, the recyclability, solvent effect, the influence of the catalyst amount and reaction time effect on the 2,3-dihydroquinazolin-4 (1H)-one synthesis were studied. The novelty of this method appears in the fact that the catalysts MAP, DAP, and TSP are available, cheap and natural, and their use in the organic synthesis contribute to economize the cost and the energy and thus to develop green chemistry.
MATERIALS AND METHODS
All of the chemicals and reagents used in this work were purchased from Sigma Aldrich.
For all reactions, the purity of the derivatives 2,3-dihydroquinazolin-4 (1H)-one was monitored by thin layer chromatography (TLC) using aluminum layers coated with F254 silica gel (Merck) plates using ethyl acetate and hexane as eluent. The melting points were recorded on a hot Kofler and show a good agreement with previous works.
General procedure for the synthesis of 2,3-dihydroquinazolin-4(1H)-one 1 mmol of anthranylamide and 1 mmol of aromatic aldehyde were dissolved in 1 mL of EtOH in the presence of the catalyst MAP, DAP or TSP (Scheme 1). The reaction mixture was heated at reflux. The reaction is monitored by thin-layer chromatography (TLC) using (n-hexane/EtOAc, v/v). After the reaction completion, the product was purified by recrystallization from ethanol and the solid catalyst is readily removed by simple filtration.
The catalyst may be reactivated later by washing with ethanol to remove the products that may be present on its surface and then dried before being reused. The products obtained were characterized on the basis of comparison of their melting points and their spectroscopic data with those of literature (29) (30) (31) 
RESULTS AND DISCUSSION
To start up, the 2,3-dihydroquinazolin-4(1H)-one synthesis reaction has been chosen (Scheme 1) as a model in order to study the catalytic activity of heterogeneous catalysts MAP, DAP and TSP. The results obtained are summarized in Table 1 . Table 1 shows that in absence of the catalysts, the product 3a has been obtained as a trace within a reaction time of 60 min. When we added MAP, DAP and TSP as catalysts, the yields were 83, 80 and 86% respectively while the reaction times were shorter than the one obtained without a catalyst. Then, our work was concentrated on the improvement of the reaction yields by the determination the optimal conditions.
We consider at first the optimization of the reaction time of the synthesis of 2, 3-dihydroquinazolin-4(1H)-one, Figure 1 Then, the effect of certain porous polar solvents such as (EtOH, MeOH, BuOH), polar aprotic (CH3CN, THF) and apolar aprotic (chloroform) was studied, the results are grouped in Table   2 . b Isolated yields.
According to the obtained results, the reaction is carried out more easily in ethanol, due to its high dipole moment and high dielectric constant which allows the separation of the charges, thus facilitating the product 3a formation with yields by 83, 80 and 86% for the three catalysts MAP, DAP, and TSP respectively.
The use of another solvent such as CH3CN, chloroform, and THF gives the final product 3a
with lower yields than those obtained in ethanol, this can be probably explained by their dipole moment and constant dielectric which are lower than those of ethanol, it can be deduced, that the ethanol has been chosen as the solvent for the reaction of 2, 3-dihydroquinazolin-4(1H)-one.
Among the main parameters that control the cost of the reaction is the solvent volume used. For this reason, we envisage studying the influence of volume of the solvent on the reaction yield, this is carried out by varying the volume of the ethanol from 3 to 1 mL in case of the model reaction. The results are summarized in Table 3 . b Isolated yields. Table 3 shows that the best yield corresponds to 1 mL of ethanol, but when one increases the volume until 3 mL we observe a reduction of the yield of the reaction, this may be due to the deactivation of the interaction between the reactants and the catalyst by the formation of a layer on the surface of the catalyst. Thus, it can be concluded that the optimum volume for carrying out this reaction is 1 mL.
In the next step, it is fundamental to determine the optimum catalyst mass, thus we studied the influence of the amounts of catalysts MAP, DAP, and TSP on the yield on the reaction, the mass of catalyst has been varied from 0.001 to 0.01 g, the results are collected in Table 4 . The results presented in Table 4 show that the optimum masses of MAP, DAP and TSP catalysts were respectively 0.002 g (1.7 mol %), 0.002 g (1.5 mol %) and 0.003 g (1.2 mol %). Beyond these masses, the yields of the reaction decrease, this is explained by the dispersion of the reagents on the surface of the catalysts.
After having optimized reaction conditions, namely the reaction time, the solvent nature as well as its volume and the mass of the catalyst. It is fundamental to examine the evolution turnover number (TON) and turnover frequency (TOF) in function of the catalysts mass used, for the pilot reaction. Table 5 present the calculated values. TON and TOF values in bold correspond to the amounts, 0.002 g for MAP and DAP and 0.003 g for TSP, that were used in this study.
The high values of TON and TOF were found for 0.001 g for the three catalysts. From the table above, it is clear that The TON and TOF increase when the mass of catalyst decrease.
Their values are higher between 0.001 and 0.003 g of each catalyst. Such as it showed before and by considering the optimum reaction time, the best yields were obtained using 0.002 g for MAP and DAP and 0.003 g for TSP this led to the yield about 95% for the pilot reaction.
One of the most important characteristics of a catalyst is its activity which is linked to the evaluation of its stability and its capacity to be reused for several times without any loss of efficiency. The reusability of MAP, DAP, and TSP catalysts has been studied under the optimum reaction conditions determined above, after completion of the reaction, the catalyst was filtered and washed several times with ethanol and then dried, the results are presented in Figure 2 . According to Figure 2 , it is observed that the yields remain unchanged as a function of the number of regeneration cycles; this suggests that there is no loss of catalytic activity, even after four times of reusability of the catalysts. Thus, one can deduce that the long term durability of these catalysts is excellent.
After optimizing the reaction conditions of 2, 3-dihydroquinazolin-4(1H)-one synthesis, this process was generalized for the derivatives of 2, 3-dihydroquinazolin-4(1H)-one synthesis, using various aromatic aldehydes substituted with anthranylamide (Scheme 1). The melting points were determined and showed a good agreement compared to those given in the literature, the results are presented in Table 6 . The results show that whatever the grouping of the aldehyde electron donor (Cl, OH, OCH3, CH3) or electron attractors (NO2), the products are obtained with excellent yields in very short reaction times.
The proposed the catalytic mechanism for the condensation of an aromatic aldehyde and anthranylamide, using MAP catalyst, for the synthesis of 2,3-dihydroquinazolin-4 (1H)-one (Scheme 2).
Scheme 2.
A plausible mechanism for the formation of 2,3-dihydroquinazolin-4(1H)-one.
From this scheme, the probable mechanism for the synthesis of 2,3-dihydroquinazolin-4 (1H)-one, first the protonation of the carbonyl group with MAP take place, subsequently the amino group of anthranylamide makes a nucleophilic attack on the activated carbonyl group, since the amino is more reactive than the amide, which allows the formation of an imine intermediate 1, which then leads to the elimination of a molecule of water, followed by an intramolecular nucleophilic attack of the amide group on the imine carbon 2, finally deprotonation occurs for the formation of the desired product 3a, as shown in the Scheme 2.
For the DAP and TSP, the catalytic mechanisms must be similar to the one given in Scheme 2 since the three catalysts act with the reagent by a proton exchange as they are potential donors of the proton.
After determining the best-operating conditions for the synthesis of 2, 3-dihydroquinazolin-4(1H)-one, it would be interesting to compare the catalyst activities of MAP, DAP, and TSP used herein with those given in the literature. The results are summarized in Table 7 . 
CONCLUSION
To sum up, an environmentally friendly method, for the synthesis of derivatives 2,3-dihydroquinazolin-4(1H)-one by condensation of anthranylamide with aromatic aldehyde using phosphate fertilizers (MAP, DAP, and TSP) as heterogeneous catalysts, was developed. The operational conditions were optimized namely the nature and volume of solvent as well as the amount of catalyst. The products were obtained with excellent yields in short reaction times and the catalysts can be used for at least four times without any loss in its catalytic activity. These results are better than the ones given in previous works.
Moreover, the catalysts are natural and cheap and their use is harmful to the environment.
Therefore, this method can be used for the synthesis of a wide series of heterocyclic compounds in the way to protect the environment against chemical pollution.
